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ABSTRACT
LAMOST DR5 released more than 200,000 low resolution spectra of early-type stars with S/N>50.
Searching for metallic-line (Am) stars in such a large database and study of their statistical properties
are presented in this paper. Six machine learning algorithms were experimented with using known Am
spectra, and both the empirical criteria method(Hou et al. 2015) and the MKCLASS package(Gray
et al. 2016) were also investigated. Comparing their performance, the random forest (RF) algorithm
won, not only because RF has high successful rate but also it can derives and ranks features. Then the
RF was applied to the early type stars of DR5, and 15,269 Am candidates were picked out. Manual
identification was conducted based on the spectral features derived from the RF algorithm and verified
by experts. After manual identification, 9,372 Am stars and 1,131 Ap candidates were compiled into
a catalog. Statistical studies were conducted including temperature distribution, space distribution,
and infrared photometry. The spectral types of Am stars are mainly between F0 and A4 with a peak
around A7, which is similar to previous works. With the Gaia distances, we calculated the vertical
height Z from the Galactic plane for each Am star. The distribution of Z suggests that the incidence
rate of Am stars shows a descending gradient with increasing |Z|. On the other hand, Am stars do
not show a noteworthy pattern in the infrared band. As wavelength gets longer, the infrared excess of
Am stars decreases, until little or no excess in W1 and W2 bands.
Keywords: stars: chemically peculiar — infrared: stars — catalogs — surveys — methods: data
analysis — methods: statistical
1. INTRODUCTION
As a class of chemically peculiar (CP) stars, Metallic-
line (Am) stars show weaker CaII K lines and enhanced
metallic-lines in their spectra than normal A type stars.
They were firstly described by Titus & Morgan (1940),
and were formalized into the MK system by Roman et al.
(1948). Conti (1970) gave a more detailed definition of
Am star describing the nature of itself. These stars,
in whose atmosphere, presenting the underabundance
of the calcium (or scandium) elements and/or the over-
abundance of iron-group elements, are defined as the Am
stars. According to the above definition, Conti (1970)
divided Am stars into three subgroups, which are stars
with both weak CaII K lines and strong metallic lines,
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stars with only weak CaII K lines, and stars with only
strong metallic lines. The common point of the three
subgroups of Am stars is that the spectral subtype of
CaII K-line is earlier than the metallic-lines.
Am phenomenon is quite common among A- and early
F-type main sequence stars. The incidence of Am stars
exceeds 30% (Smith 1971; Abt 1981; Gray et al. 2016).
Such a high incidence has attracted the attention of
many researchers. How do Am stars evolve? What
characteristics do they exhibit in multiple bands? Are
they pulsating? What is their pulsation mechanism?
... Due to the limitation of the number of known Am
stars, many questions do not have satisfactory answers.
E.g, Smalley et al. (2017) used 864 Am stars to study
pulsation and metallicism. Abt (2017) researched Am
stellar evolution on the basis of 462 Am stars. Chen
et al. (2017) conducted an infrared photometric study
of 426 known Ap and Am stars. Balona et al. (2015)
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investigated light variations of 29 Am stars. However,
the numbers of Am stars used in above studies are still
too few for their incidence, and the lack of Am stars has
become a bottleneck in understanding Am phenomenon.
After the first catalog of the chemically peculiar (CP)
stars (Renson et al. 1991), Renson & Manfroid (2009)
collected about 4,000 Am stars (or probable) from a
large number of literatures and presented another cata-
logue of CP stars, in which 116 stars have been well stud-
ied. According to an empirical separation curve (ESC)
derived from the line index of Ca II K line and 9 groups
Fe lines, Hou et al. (2015) found 3,537 Am candidates
from LAMOST DR1. This is the first search work of Am
stars in a large database of low resolution spectra. How-
ever, Am stars and normal stars can not be distinguished
in their marginal region simply by using a separation
curve alone. In the following year, Gray et al. (2016)
employed the MKCLASS program to classify spectra in
the LAMOST-Kepler field and totally obtained 1,067
Am stars with hydrogen line types ranging between A4
and F1.The MKCLASS is a spectral classification soft-
ware that performs the classification through mimicking
human-like reasoning, but it was designed for spectra
with common type and high quality and sometimes will
not succeed on low quality or rare objects.
A number of of sky survey projects, such as RAVE,
LAMOST, SEGUE, and GAIA-ESO etc., collecting a
massive number of stellar spectra which provide us op-
portunities to search for Am stars. Traditional astro-
nomical research methods such as manual operation and
human identification are no longer sufficient. Many ma-
chine learning algorithms have been used in analysis of
astronomical data because of their ability to efficiently
search and recognize certain type of stars. In this paper,
we intend to search for Am stars using machine learning
methods. Compared with various sophisticated classifi-
cation algorithms, the RF algorithm wins both in suc-
cessful rate and efficiency. In addition, we still need a
manual inspection step to guarantee correctness of Am
stars obtained by machine learning since the metallic
lines in low resolution spectra are very weak and are
easily affected by noise. Therefore, we adopt the RF al-
gorithm to design a classifier, and manual examination
is used to further check the results.
A key issue is to rule out the contamination by Ap
stars, which are also belong to a class of CP stars.
Only one or a few elements (including silicon, chromium,
strontium, and europium) are extremely enhanced in
their stellar atmosphere. Since some Ap stars also ex-
hibit abundance characteristics of Am stars (Smith 1996;
Romanyuk 2007) to a certain degree, the obtained Am
data set may contain a small amount of Ap stars. The
largest difference between Am and Ap stars is that Ap
stars have intense magnetic fields. However, it is diffi-
cult to distinguish between Am and Ap stars in low res-
olution spectra without spectral features caused by the
magnetic effect. In this work, we only can label some
spectra with extreme abundance of elements such as sil-
icon, chromium, strontium or europium. Since those
elements are also generally enhanced in Am stars (Ge-
bran et al. 2008; Fossati et al. 2008a), we need follow-up
analysis with high resolution spectra to identify whether
they are Ap stars or Am stars.
A large sample of Am stars from a single survey with-
out instrumental or processing differences is useful for
statistical study. In this paper, we searched for Am
stars in LAMOST DR5 using machine learning methods
in conjunction with manual inspection. The paper is or-
ganized as follows. In Section 2, we describe the data
sets used in this study and data preprocessing steps.
In Section 3, we compare various classification methods
and show the advantage of RF algorithm in searching for
Am stars, and give the result of Am through manually
check as well as possible Ap stars. In Section 4, we con-
duct some physical statistical analysis for the Am stars.
Then, a discussion is presented in Section 5. Finally, we
summarize this work in Section 6.
2. DATA
2.1. LAMOST Data
The Large Sky Area Multi-Object Fiber Spectroscopic
Telescope (LAMOST) is a reflecting Schmidt telescope
with 4-m effective aperture and 5-degree field of view.
4000 fibers are mounted on the focal plane enable it
observe 4000 objects simultaneously. The telescope is
dedicated to a spectral survey over the entire available
northern sky and is located at the Xinglong Observatory
of Beijing, China (Cui et al. 2012; Zhao et al. 2012; Luo
et al. 2012, 2015). Compared with SDSS spectroscopic
observations, LAMOST survey is more concentrated on
the Galactic disk where exists more young stars and is
very advantageous to search for Am stars.
By the end of the first five-year regular survey, LAM-
OST has obtained 9,017,844 spectra of stars, galaxies,
and QSOs with spectral resolution of R ≈ 1800, wave-
length coverage ranging from 370 to 900 nm, and mag-
nitude limitation is about of r ≈ 17.8 mag for stars.
The total number of stellar spectra reaches 8,171,443,
making it a gold mine waiting to be exploited. All the
above numbers can be found in the LAMOST spectral
archive1.
1 http://www.lamost.org
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Before searching for Am stars, we limited the search
scope to a certain range through the following condi-
tions:
1. Because spectral type of Am stars are generally
A- and early F-type, we limited the search to only
A-, F0-, F1-, and F2-type stars in LAMOST DR5,
whose spectral types come from the LAMOST 1D
pipeline.
2. The spectral features of Am stars mainly appears
in blue wavelength band, and their metallic lines
are relatively weak and susceptible to noise, thus
we only retained spectra with the signal-to-noise
ratio of the g-band greater than 50 (S/N>50).
3. To ensure the accuracy and stability of classifica-
tion, we eliminated some spectra containing zero
flux in the blue spectra.
More than 10% objects have been repeatedly observed
multiple times by LAMOST. For such targets, we only
retain the spectra with the highest signal-to-noise ra-
tio. Finally, we obtain 193,345 stellar spectra as our
searching data set. We need labeled data to form the
training and testing data sets, and all the labeled data
are also handled using the three operations above except
for Evaluation Set II, .
2.2. Labeled Data
In order to train and test the classifier, we collected
known samples of Am stars and non-Am samples. We
first selected Am samples with confidence greater than
0.5 and all non-Am stars from the work of Hou et al.
(2015), and then removed those close to the experience
separation curve to ensure the purity of the Am posi-
tive and the non-Am negative sample sets. This yielded
1,805 Am stars as positive samples. For the non-Am
stars, further screening was conducted using of MK-
CLASS software. We randomly chose the same number
of non-Am stars as negative samples, and these posi-
tive and negative samples were distributed on average
in the training and test sets. Finally, we obtained 1,806
training samples and 1,804 test samples.
Table 1. the Labeled Data Sets
Data Sets Number of samples Function Data Source
Training Set 1,806 Training classifiers Hou et al. (2015)
Test Set 1,804 Internal test classifiers Hou et al. (2015)
Evaluation Set I 433 Extranal evaluating performance of methods Gray et al. (2016)
Evaluation Set II 4 Extranal evaluating performance of methods Renson & Manfroid (2009)
Note— The first column lists the name of the dataset. The second column contains the number of samples in the dataset
screened out by various criteria. The third column is the functional description of these datasets in this work. The last column
lists the sources of these datasets.
In addition, we also chose some Am stars from Gray
et al. (2016) and Renson & Manfroid (2009) as eval-
uation sets in order to evaluate the performance of a
variety of methods. For 1,067 Am stars presented by
(Gray et al. 2016), we applied the pretreatment process
in 2.1. Then according to K-line and metallic-lines spec-
tral subtypes, those samples were classified into classi-
cal Am stars and marginal Am stars. The former, K-line
type is earlier than the metallic-line type for at least five
spectral subtypes. The latter, the difference between
the two types is less than five spectral subtypes (Gray
& Corbally 2009; Morgan et al. 1978). We obtained 357
classical Am stars and 76 marginal Am stars as Evalu-
ation Set I. The 116 known Am stars from the catalog
of Renson & Manfroid (2009) were cross-matched with
LAMOST DR5, and only four counterparts were found,
which were comprised in Evaluation Set II. All labeled
data sets are summarized in Table 1.
3. SEARCHING FOR AM STARS
3.1. Input Feature Selection
According to the characteristics of underabundance of
Ca elements and overabundance of Fe group elements in
the atmosphere of an Am star, Hou et al. (2015) classi-
fied Am stars using the empirical separation curve (ESC
here after), which is derived from line indices of K line
and 9 groups Fe lines. We used Evaluation Set I to eval-
uate the classification ability of the ESC, as shown in
Figure 1, in which there are 357 stars labeled as classical
Am stars (green dots in the figure) and 76 stars labeled
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as marginal Am stars (blue dots). We found that only
345 classical and 52 marginal Ams were judged as Am
stars by the ESC (red curve), i.e. the recall through
the ESC is 0.966 for classical Am stars and 0.684 for
marginal Am stars respectively.
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Figure 1. Overview of classification performance of the ESC
for classical and marginal Am stars. The yellow area indi-
cates the range of EW(Ca II K)∈ [1.5, 6.5]A˚ . The red curve
is the ESC. Those points in the yellow area above the curve
are classified as Am stars by Hou et al. (2015). The classifi-
cation accuracy is 0.966 for classical Am stars and 0.684 for
marginal Am stars.
Obviously, the ESC based on line index method is
slightly inadequate for distinguishing marginal Am stars
from normal early-type stars. This is mainly because the
chemical peculiarity of the marginal Am stars is much
weaker than the classical Am stars, and the difference
between the marginal Am stars and the normal early-
type stars is smaller than that of the classical Am stars.
In addition, some spectral lines, such as Fe lines, are
weaker and the batch calculation of those line indices
will lead to large errors, which will reduce the recall
rate of marginal Am stars.
Based on the above reasons, we decided to use the
fluxes of spectra as the input features of classifier. Con-
sidering that the spectral line characteristics of Am stars
are more densely concentrated in the blue wavelength
range than the red, we choose the normalized fluxes in
wavelength range between 3800A˚, and 5600A˚, as the in-
put values of the classifier model.
3.2. Input Feature Normalization
Before selecting a classification model, we must re-
move the influence of pseudo-continuum on the classi-
fier. This is the key to successfully distinguish Am stars.
We have improved the fitting technology of pseudo-
continuum (Lee et al. 2008) by applying the automatic
identification operation of strong lines. The details of
this procedure are as follows. Step 1, wavelength of all
spectra was truncated from 3800A˚ to 5600 A˚ . Step 2,
a ninth-order polynomial was used to fit each spectrum,
and those points that are outside 3σ away from the fit-
ted function were masked including the strong spectral
lines, cosmic rays and sky emissions residual from data
reduction. Step 3, a ninth-order polynomial was used to
iteratively fit spectra, where points more than 3σ below
the fitted function were rejected. The purpose is to find
the approximate upper envelope of each spectrum as its
pseudo-continuum. Step 4, the pseudo-continuum was
removed from each spectrum through dividing the ob-
served spectrum by the pseudo-continuum. The inten-
sity of each spectrum was rectified using this method.
Figure 2 shows the results obtained with the improved
method. One can see from Figure 2 that the pseudo
continuum is well removed from the spectrum.
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Figure 2. An example of rectified flux. The upper panel
shows the truncated original spectrum and the red line shows
the fitted contunuum. The red line shows the fitted contin-
uum obtained with the procedure in section 3.2. The bottom
panel shows the rectified flux.. It is note that the emission
line in the spectrum would not affect the continuum fitting.
3.3. Classifier Selection
We selected six sophisticated classification algorithms
from scikit-learn web: K-nearest neighbors (KNN),
support vector classification (SVC), Gaussian process
(GP), decision tree (DT), RF, and Gaussian naive
Bayes (GNB). According to the parameter values rec-
ommended by the website, we trained these classifiers
on the training set separately and tested their perfor-
mance on the test set. We then performed two external
evaluations for the first three winning classifiers and
compared them to the previous methods of searching
for Am stars such as ESC and MKCLASS software, and
finally chose the RF algorithm as the classifier in our
work.
3.3.1. Classifier Evaluation Criteria
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We used precision, accuracy, recall, and F1 score as
the criteria to evaluate the classifiers. The four evalua-
tion criteria are defined as follows:
precision =
TP
TP + FP
accuracy =
TP + TN
TP + FP + TN + FN
recall =
TP
TP + FN
F1 = 2× precision× recall
precision + recall
Since the test set is composed of labeled samples, it
is easy to judge whether the classifier’s classification re-
sults are correct on the test set. TP is the number of true
positive samples that are correctly classified as Am stars
by a classifier. FP is the number of false positive samples
that are misclassified as Am stars by the classifier. Sim-
ilarly, TN is the number of true negative samples that
are correctly classified as non-Am stars by the classifier,
and FN is the number of false negative samples that are
misclassified as non-Am stars by the classifier. Precision
is the fraction of true positive samples among the set of
Am classified by the classifier. Accuracy measures the
fraction of samples that are correctly classified in the
entire set. Recall measures the fraction of Am that are
correctly classified over the total amount of Am. F1
score is the harmonic mean of precision and recall.
3.3.2. Internal Testing
The samples in the training set and the test set come
from Hou et al. (2015), among which the positive sam-
ples (Am star) were labeled by ESC while the negative
samples (non-Am) were labeled by both ESC and MK-
CLASS software. According to the catalogue of Hou
et al. (2015), the positive samples in the training set con-
sisted of 490 (54.3%) classical Am stars and 413 (45.7%)
marginal Am stars without considering the uncertainty
of the spectral subtypes of the K line and metallic lines.
Through the aforementioned classifiers trained on the
training set, their classification performance on the test
set are listed in Table 2. This table is ordered in terms
of the F1 scores. Clearly, the first three classifiers (GP,
KNN, and RF) show better performance during the in-
ternal test.
Table 2. Performance of the classifiers for test Set
Classifier Test set Classical Am Marginal Am non-Am
Precision Accuracy Recall F1 Accuracy F1 Accuracy F1 Accuracy
GP 0.998 0.996 0.994 0.996 1.000 1.000 0.986 0.993 0.998
KNN 0.998 0.995 0.992 0.995 1.000 1.000 0.980 0.990 0.998
RF 0.991 0.987 0.982 0.987 0.998 0.999 0.957 0.978 0.991
SVC 0.997 0.977 0.958 0.977 0.971 0.985 0.937 0.968 0.997
DT 0.973 0.962 0.950 0.961 0.982 0.991 0.900 0.947 0.973
GNB 0.893 0.911 0.935 0.913 0.995 0.970 0.840 0.913 0.888
Note—Here, we only show the accuracy and F1 in classical Am set and marginal Am set, because the recall equals to the
accuracy and the precision equals 1 for positive samples. Meanwhile only the accuracy is listed in the non-Am set because the
precision, the recall and F1 are all equal 0 for negative samples,
We also divided the test set into three subsets: clas-
sical Am, marginal Am, and non-Am, and tested the
performance of the classifiers on them separately. The
detailed information is listed in Table 2. As can be seen
from the table, the first three classifiers also have good
classification performance for the marginal Am stars.
3.3.3. External Evaluation I
The evaluation data set I come from Gray et al.
(2016), which consists of 357 classical and 76 marginal
Am spectra, and were labeled by MKCLASS software.
We tested the classification performance of GP, KNN,
RF, and compared them with ESC using the data set.
These results are shown in Table 3. For comparison pur-
poses, the table is ordered in terms of the F1 scores. It
can be seen from Table 3 that the classification perfor-
mance of RF is more stable than that of other machine
learning algorithms. In addition the classification abil-
ity of RF is also more prominent than the ESC method
for both classical and marginal Am stars.
3.3.4. External Evaluation II
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Table 3. Performance of classifiers for Evaluation Set I
Classifier Classical Am Stars Marginal Am Stars
Accuracy F1 Accuracy F1
RF 0.978 0.989 0.789 0.882
GP 0.972 0.986 0.724 0.840
ESC 0.966 0.983 0.684 0.812
KNN 0.966 0.983 0.671 0.803
Note—Here, we only show accuracy scores because accuracy
equals recall and precision equals 1. The table is sorted in
descending order according to F1 scores.
Evaluation Set II were used to compare the RF al-
gorithm with the MKCLASS software. The samples in
Evaluation Set II come from the catalog of Renson &
Manfroid (2009), in which only four counterparts can
be found in LAMOST DR5. The RF algorithm and the
MKCLASS package were used to classify the four well-
studied Am stars, and the results are listed in Table 4.
These stars were also recognized as Am in some liter-
atures based on analyzing the abundance of chemical
elements and these literatures are also listed in Table
4 for reference. The RF algorithm classified these four
stars as Am Stars, which is consistent with the results
from these literatures. However, MKCLASS software
can only classify the star HD73818 out of the four stars
as an Am star. Obviously, the RF classifier is a more
suitable tool for searching for Am stars. After all, the
MKCLASS software is not a specially developed soft-
ware for Am stars.
For visually inspection of the four Am stars, we plot
their spectra and corresponding normal stellar templates
with the same spectral types given by H lines in Figure
3. The best matching Kurucz template (Castelli & Ku-
rucz 2003) for each spectrum was obtained through cross
correlation. The black one in each panel is the normal-
ized Am spectrum while the red one is the best matching
template. One can see that the the Balmer lines of the
four Am spectra fit well with their best templates, but
the strength of the K-lines are weaker than that of their
templates, on the other hand the metallic lines show just
the opposite. This is in line with the characteristics of
the first subgroup of Am stars with weak K line and
strong metallic lines.
Compared with ESC, MKCLASS, GP, KNN, SVC,
DT, and GNB methods, the RF algorithm is the best
choice to search for Am stars. After obtaining Am candi-
dates using RF algorithm, eyeball check was conducted
comparing with the best matching templates.
3.4. RF-Based Classifier
The RF algorithm a one kind of the bagging algorithm
in ensemble learning. N training samples are randomly
selected from the original sample set using the Boot-
strapping method with replacement, and K training sets
are obtained by K-round extraction. The K training sets
are independent of each other, and elements can be du-
plicated. The K decision tree models are trained on
the K training sets, and vote to produce classification
results.
The number of decision trees, K, is a key parameter
in the RF algorithm, the larger the number of decision
trees, the better the classification results, the longer time
consumption. After multiple attempts, we used 1800 as
the value of the number of decision trees as well as the
number of input features. The remaining parameters
were set to the default values.
One advantage of the RF algorithm is that it can be
used to evaluate the importance of each feature. Figure
4 shows the importance and accumulative importance of
all features. The importance decreases sharply with the
number of features and is almost negligible after num-
ber 300. The first 300 features play important roles in
classification, and their accumulated importance reaches
91.2%. Figure 5 shows the distribution of the first 300
features in a spectrum. Those features basically fall on
the absorption lines of CaII K, H, and transition metal
elements, which are considered to be very important el-
ements distinguishing Am stars.
We identified the spectral lines where the first 50 fea-
ture points are located by consulting the line table of the
theoretical model of Moore and other early-type stars
literatures (Przybilla et al. 2017; Adelman 1994; Coupry
et al. 1986; Smith 1973). The details are listed in Table
5. We only listed the main elements contained in spec-
tral lines since metal lines in low-resolution spectra are
mostly blended lines. It should be noticed that feature
numbers and importance are not absolute. Different RF
algorithm classifiers will produce different results be-
cause the data used by RFs in constructing each decision
tree are randomly selected from the training set. For-
tunately, their ranking and importance do not change
much for most of the important features. It should also
be noted that the wavelengths of the features are all in
vacuum, because spectra of LAMOST are all converted
to vacuum wavelength, and you can find the relevant
keyword “VACUUM” in the FITS header of the spec-
tra.
3.5. Manual Inspection
Three reasons require manual inspections of the Am
candidates obtained using RF method: First, the in-
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Table 4. The results of the RF and the MKCLASS with the Evaluation Set II
HD number LAMOST FITS File name RF MKCLASS Spectral Type of References
HD108486 spec-55959-B5595905 sp01-168.fits Am A2 IV-V SrSi Am(1,7,8)
HD108642 spec-55959-B5595905 sp05-141.fits Am A1 IV SrSi Am(1,7,8)
HD108651 spec-55959-B5595905 sp01-134.fits Am A7 mA0 metal weak Am(6,7,8)
HD73818 spec-57392-KP083141N185915V01 sp13-195.fits Am kA6hF1mF2 Eu Am(2,3,4,5)
Note—The first column indicates the identifiers of the stars in the HD catalog. The second column lists the names of FITS files
of the LAMOST counterparts. The next two columns show the results of RF algorithm and MKCLASS software respectively.
The last column give the literatures that identify the four stars as Am based on element abundance. Articles numbered 1, 2,
3, 4, 5, 6, 7, and 8 corresponds to Gebran et al. (2008), Fossati et al. (2008a), Fossati et al. (2008c), Fossati et al. (2008b),
Fossati et al. (2007), Iliev et al. (2006), Monier & Richard (2004), and Burkhart & Coupry (2000), respectively.
tensities of metal lines in Am spectra are very weak and
are easily masked by noise, which would lead to errors in
the results. Second, although the spectra were rectified,
the residual continua still could affect the classification.
Third, the precision of RF algorithm is 0.991, means
there are still a small fraction of stars might be wrongly
recognized.
The specific process of manually inspection is to com-
pare the spectral lines of those candidates with their
best matching synthetic template, a set of quantitative
standards is as follows:
 EW (Kspe) < EW (Kmod)∑EW (Mspe) =∑EW (Mmod)
or EW (Kspe) = EW (Kmod)∑EW (Mspe) >∑EW (Mmod)
or EW (Kspe) < EW (Kmod)∑EW (Mspe) >∑EW (Mmod)
where, Kspe and Kmod are the CaII K lines of a spec-
trum and its matching template, respectively. Mspe and
Mmod are metallic lines of a spectrum and its matching
template, respectively. EW (·) is the equivalent width of
a spectral line.
In this work, we adopted the same EW definition of
the CaII K line as Liu et al. (2015), the line is in the win-
dow [3927.7A˚-3939.7A˚], and the blue and red sideband
are in [3903A˚-3923A˚], [4000A˚-4020A˚] respectively. For
metallic lines, conventional EW calculation is not suit-
able because the Fe absorption in A-type stars is gen-
erally weak and too narrow to give wavelength bands
that EW needs. So we had to use the method proposed
by Hou et al. (2015) to calculate their equivalent width.
We selected part of FeI lines listed in Table 5 by elim-
inating several FeI lines blended with ionized elements.
We merged adjacent Fe lines into 15 Fe-group lines and
listed the left ends and the right ends of these groups in
Table 6. To calculate the EW, side bands for blue and
red are defined in [Left End-5A˚, Left End], [Right End,
Right End+5A˚] respectively. We limited the sidebands
to 5A˚ to get the best local pseudo continuum for each of
the 15 Fe-group lines avoiding affection by other lines.
Figure 6 shows an example of a local pseudo continuum
of 15 Fe-group lines.
Although there are some uncertainty in calculating the
equivalent width in batches, such as noise interference in
Fe lines or mixing of other metal lines in the CaII K line
wing, the line ratio of the CaII K to Hε or Hδ can be
verified as important criteria during manual inspection.
3.6. Labelling Ap stars
There is some contamination by Ap stars to the ob-
tained Am candidates because of similar spectral fea-
tures. Most of the Ap stars are actually B-type stars,
while a small portion of Ap stars are also found in A-
and F-type stars. Among those cooler Ap stars, some
also exhibit the characteristics of the overabundance of
Fe elements and the underabundance of Ca elements.
Therefore, a small amount of Ap stars will be mixed
with Am stars.
According to the definition of Ap star, we thought of
objects whose Sr, Cr, Eu, or Si element are extremely
abundant as Ap candidates. In general, the abundance
of Sr, Cr, Eu, and Si in Am stars rarely exceeds 2.0 rela-
tive to the abundance of the sun (Catanzaro et al. 2015;
Catanzaro & Ripepi 2014; Smith 1996; Lane & Lester
1987). Therefore stars with Sr, Cr, Eu, or Si element
abundance exceeding 2.0 are likely to be Ap stars. The
detailed method of finding Ap candidates is as follows:
Firstly, according to the prominent spectral lines in the
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Figure 3. Comparison between the Am spectra and their best matching templates in Evaluation Set II. The black curves
show the Am spectra and the red curve lines are the best matching templates. The name of the Am stars and the atmospheric
parameters are also listed next to their corresponding curves in black and red. The blue, red, and green vertical dashed lines
indicate the positions of the CaII K line, Balmer lines, and some Fe lines from Hou et al. (2015), respectively. All spectra
and templates are normalized and the templates have been offset vertically by 0.6 continuum units for clarity. There is an
abnormally strong absorption line at around 4480A˚ of Panel (d), which was caused by bad CCD pixels present in the raw data.
The bad pixels were not removed by the data reduction pipeline.
blue-violet spectra of Ap stars (Gray & Corbally 2009), and excluding some lines with nearby FeI lines or other
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Table 5. Identification of relevant spectral lines based on the location of the first 50 feature points.
ID Name Valuum Wavelength Importance
1, 11, 24 BaII, FeI 4555.292, 4557.394 2.121, 1.61, 1.187
2, 3, 18, 26 FeI 4921.871 2.050, 2.021, 1.289, 0.997
4, 16, 36 FeI, NiI 5478.086, 5478.432 1.882, 1.295, 0.741
5, 9, 38 FeI 4384.766 1.87, 1.701, 0.729
6, 10 FeII, CrI, CoI 5277.457, 5277.526, 5277.629 1.853, 1.620
7, 17, 19 SrII 4078.849 1.797, 1.289, 1.279
8, 33, 43 FeI 5234.395 1.77, 0.828, 0.621
12, 13 FeI, NiI 4715.671, 4715.720 1.579, 1.551
14, 46 FeI, NiI 5372.982, 5372.82 1.543, 0.576
15 FeI, FeII 4523.775, 4523.885 1.506
20, 23, 49 FeI 4133.207 1.273, 1.197, 0.564
21, 22 FeI, BaII 4935.391, 4935.456 1.232, 1.21
25 FeI 4178.763 1.174
27 FeI 5416.703 0.964
28, 40 FeI 4145.021 0.949, 0.638
29 FeI, NiI 5100.113, 5101.343 0.916
30, 35 FeI 5407.276 0.892, 0.778
31 FeI 5425.576 0.871
32 FeI 4669.36 0.855
34 FeII 5318.086 0.800
37 FeI 5228.634 0.736
39 MnI, FeI 4824.844, 4825.473 0.642
41 FeII 4925.288 0.636
42 FeII 5019.834 0.633
44 CaII K 3934.767 0.592
45 FeI 4272.952 0.580
47 FeI, NiI 5080.631, 5081.94 0.570
48 FeI 5431.203 0.566
50 FeI 4199.4 0.560
Note—The first column lists the feature ID. In order to make the table more concise, features that fall on the same absorption
line are placed in the same entry. The second column shows the name of the line in which feature points are located. The
third column lists the vacuum wavelength corresponding to each spectral line. The fourth column shows the importance of
the corresponding feature determined with the RF algorithm.
line interference, we selected the 4077A˚ line as a ref-
erence line, which is a blending line of SrII, CrII, and
SiII in LAMOST spectra. Secondly, we generated cor-
responding synthetic templates by setting the values of
[Sr/H], [Cr/H], [Eu/H], and [Si/H] as 2.0 in the spec-
trum generator SPECTRUM. Stellar parameters that
Kurucz model required, such as Teff , logg and [Fe/H],
were taken from the corresponding Am models which
have normal abundance of above mentioned heavy ele-
ments.. Finally, we use the method of Hou et al. (2015)
to calculate the EW(tem) and EW(obs) of the 4077A˚
blend line for both the templates and observed Am spec-
tra, and marked those objects as Ap candidates if their
EW(obs)> EW(tem).
3.7. Result
For 193.345 spectra of the searching data set de-
scribed in Section 2.1, we simply fitted with Kurucz
templates in the wavelength range of [3900A˚, 5600A˚]
to obtain Teff and logg. With the stellar parameters,
we can further constrain the searching data set with
6500 K< Teff 611000 K and logg > 4.0 dex, since the
Am phenomenon often occurs in A- and early F-type
main-sequence stars. By this constraint, 98,202 spectra
10 Li Qin et al.
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Figure 4. Level of importance and accumulated importance
as a function of the feature number. The x-axis is the feature
number, and the left y-axis shows the scale of the red solid
line, indicating level of the importance of each feature. The
right y-axis shows the scale of the blue dashed line, repre-
senting the level of the accumulated importance as a function
of feature number.
Table 6. Wavelength ranges of 15 Fe-group
lines.
Number Center Band
Left End (A˚) Right End (A˚)
1 4128 4138
2 4142 4146
3 4171 4192
4 4194 4207
5 4268 4278
6 4383 4390
7 4668 4671
8 4714 4718
9 5079 5087
10 5097 5104
11 5225 5240
12 5362 5375
13 5405 5420
14 5424 5439
15 5477 5485
Note—All values are in vacuum wave-
lengths.
were retained, and then the RF classifier was applied
to identify 15,269 Am candidates, for which we car-
ried out manual inspections. After these inspections we
discarded 4,766 spectra, among which 1,338 candidates
(28%) do not meet the reference criteria of Section 3.5,
2,585 spectra (54%) cannot be recognized by human eyes
because of their small peculiarity, and 843 spectra (18%)
are of bad spectral quality and not sufficient to identify
the Fe line. In addition, using the method described in
Section 3.6, we found 1,131 objects with extreme over-
abundance of Sr, Cr, or Si elements and labeled them as
Ap candidates in the catalog. Whether or not they have
the nature of Ap needs to be identified by subsequent
analysis of their magnetic field strength. In total the
catalog has 10,503 entries including 9,372 Am stars and
1,131 Ap candidates. In the statistical analysis section
below, we excluded them from Am stars.
For each Am star in the catalog, we also deter-
mined three different spectral subtypes of its K-line, H-
lines, and metallic lines using the template matching
method. The band used to match the spectral subtype
of metallic-lines is the combined band of [4140A˚, 4300A˚],
[4410A˚, 4600A˚], and [4900A˚, 5400A˚]. The matching
band for H-lines is a combination of theHβ, Hγ, andHδ
bands.It is worth noting that the spectral subtype ob-
tained by matching with templates in the specific wave-
length ranges alone are not completely accurate, and the
spectral subtypes of some Am stars do not conform to
the common characteristics of Am stars, i.e. the K-line
spectral subtype is earlier than the metallic-line spectral
subtype. This is why we can not use this criterion for
Am search directly.
The complete catalog of identified Am stars can be
downloaded http://paperdata.china-vo.org/Qinli/2018/
dr5 Am.csv, and the example catalogue is presented in
Appendix A.
4. STATISTICAL ANALYSIS
4.1. Effective Temperature Distribution
We analyzed the effective temperature distribution for
these Am stellar samples. Figure 7 shows that the dis-
tribution of Am stars and the incidence of Am stars in
different effective temperature bins. As can be seen from
Figure 7, the results are consistent with the conclusion
presented by Smalley et al. (2017), namely that the tem-
perature of Am stars is mostly distributed between 7250
K (F0) and 8250 K (A4), peaking near 7750 K. Due to
our strict screening, the fraction of Am stars to the total
A- and early F-type stars is smaller than the values re-
ported in previous studies (Smith 1971; Abt 1981; Gray
et al. 2016). The incidence of Am stars we give can be
used as the lower limit.
4.2. Space Distribution
The spatial distribution of Am stars in the Galactic
coordinate plane is plotted in Figure 8. The blue points
indicate all A- and early F-type stars, and the red points
are for Am stars. As shown in Figure 8, the number
of Am stars on the Galactic disk is significantly higher
than that in other regions, because most of the observa-
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Figure 5. Overview of the distribution of first 300 features. The cyan and magenta vertical dashed lines indicate the locations
of the CaII K line and the H lines, respectively. Red dots indicate the first 50 features. Blue stars indicate the next 50 features.
Green squares indicate features numbering from 100 to 300.
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Figure 6. Local continuum spectrum of 15 Fe-group lines.
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Figure 7. Distribution and Incidence of Am stars as a func-
tion of effective temperature. The y-axis on the left indicates
the distribution of Am stars and the y-axis on the right is
the frequency of occurrence of Am stars. The red points is
the incidence of Am stars in each bin, they are displayed to
the left of each bin.
tions of LAMOST are concentrated on the Galactic disk,
especially in the anti-center direction. The LAMOST
Spectroscopic Survey of the Galactic Anti-center (LSS-
GAC), which covers Galactic longitudes 150◦ ≤ ` ≤ 210
and latitudes |b| ≤ 30◦, is a unique component of LAM-
OST Experiment for Galactic Understanding and Explo-
ration (LEGUE) spectroscopic survey (Luo et al. 2015).
Figure 8. Spatial distribution of Am stars on the Galactic
coordinate plane. The blue and the red dots correspond to
all early type stars and Am stars.
In order to further understand the spatial distribution
of Am stars, we analyze the frequency of occurrence of
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Am stars as a function of the vertical distance from the
Galactic plane (Z). We obtained the parallax(ω) of most
spectra by cross-matching with the Gaia DR2. For spec-
tra with parallax > 0, we then cross-matched with the
catalog in Bailer-Jones et al. (2018) and got their esti-
mated distances. Eventually, we obtained the distances
of 92,870 early-type stars and 8,951 Am stars. The ver-
tical distance Z for each star can be calculated with the
following formula:
Z = r × sin(b)
where b is the Galactic latitude, and r is the estimated
distance. In Figure 9, the blue and green histograms
show the distribution of early-type stars and Am stars
along the vertical distance |Z|, respectively. In each bin,
we calculated the incidence of Am stars and represented
them with red points. Figure 9 suggests that the inci-
dence of Am stars increases as |Z| decreases.
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Figure 9. Distribution and incidence of Am stars as a func-
tion of vertical distance from the Galactic plane Z. The red
points on the left to each bin are the incidence of Am stars,
and we did not compute the incidence for the bins in which
there are less than 10 early type stars because of no statisti-
cal meaning.
4.3. Infrared Photometry
We also performed infrared photometric analysis on
these Am stars. First, we cross-matched them with
2MASS and WISE catalogs with a matching radius of
3.0 arcsec, and obtained the corresponding magnitudes
of the J, H, K, W1, W2, W3, and W4 bands. Because
the WISE satellite has low angular resolutions of 6.1,
6.4, 6.5, and 12.0 arcsec in the W1, W2, W3, and W4
bands, we often found that one 2MASS counterpart is
a different object to the WISE counterpart. In order to
avoid this case, multiple WISE sources within a search
radius of 10.0 arcsec were eliminated. In order to im-
prove the accuracy of the result, the photometric errors
were limited to less than 0.1 mag in all three 2MASS
bands (Skrutskie et al. 2006) and 0.05 mag in the W1
and W2 bands (Wright et al. 2010). Then, the color ex-
cess of all data in the color (a−b) are estimated using the
formula: E(a−b) = R(a−b)×E(B−V ), where E(B−V )
values are given in Schlafly & Finkbeiner (2011) and the
R(a − b) values are reddening coefficients of the color
(a − b) from Yuan et al. (2013). We calculated color
excess and dust reddening of 7,799 Am stars for the
(J-H), (H-K), and (W1-W2) colors. Finally, our conclu-
sions are shown in Table 7. One can see a very clear
downward trend in the incidence of infrared excess from
near-infrared to mid-infrared, and the incidence reduces
to 0.15% in the W1 - W2 region.
This is in contradiction with the conclusion about Am
stars from Chen et al. (2017). They found that over half
of Am stars have clear infrared excess ((W1 −W2) >
0.1) in the W1 - W2 region and have no or little in-
frared excess in the remaining regions, including J, H,
K, and IRAS regions. We checked the data set from
Chen et al. (2017) and found that they do not restrict
the photometric precision to W1error < 0.05 mag and
W2error <0.05 mag. When we add this constraint, there
are only 3 sources in Chen’s Am dataset with infrared
excess. Thus, we statistically conclude that Am stars
have no infrared excess in the W1 - W2 region.
Table 7. Results of infrared excess analysis
Criterion The Number of Am Stars Incidence
J −H > 0.1 1652 21.68%
H −K > 0.1 163 2.09%
W1−W2 > 0.1 12 0.15%
5. DISCUSSION
Generally, [Fe/H] is often used to relatively represent
the metallicity of a star. However, compared to normal
stars, the atmosphere of an Am star is Fe enriched and
Ca deficient. The metallicity of an Am star obtained
with conventional methods may be larger than the true
value. Taking into account that Am stars comprise a sig-
nificant fraction of early-type stars, researchers should
take much care about the metallicity of Am stars given
by pipelines for spectral surveys especially for statistical
study.
In order to understand the degree of metallicity over-
estimation in Am stars, we analyzed the metallicity dis-
tribution of Am stars with LAMOST atmospheric pa-
rameters. The metallicity given by LAMOST pipeline
(Luo et al. 2015) causes Am stars as a whole to be bi-
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ased toward metal enrichment relative to normal early-
type stars. A detailed statistical metallicity distribu-
tion ([Fe/H]) is shown in Figure 10. The blue histogram
shows the distribution of [Fe/H] for all A- and early F-
type stars with the LAMOST atmosphere parameters.
The yellow correspond to the Am stars with LAMOST
atmosphere parameters. One can note that the right re-
gion of the Figure 10 is dominated by Am stars. The
conclusion that most metal-rich stars are Am stars is
obviously unreasonable.
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Figure 10. Distribution of metal abundance in early-type
stars and Am stars. The metallicity parameters were taken
from the LAMOST catalog.
6. SUMMARY
Eight classification methods (GP, KNN, RF, SVC,
DT, GNB, ESC, and MKClASS) were compared in this
study. The RF algorithm is chosen to search for Am
stars among early-type stars in LAMOST DR5 and
15,269 Am stars candidate are obtained. We analyzed
the top 50 classification features given by the RF clas-
sifier, the total importance of which reached 57.57%.
We recognized these spectral lines that RF classification
depends on. These lines mostly are iron elements and
were used to identify Am stars in the step of manual
inspection. In addition, we also compared the difference
between Am and Ap stars, and labeled Ap candidates in
the final catalog. Finally, we found 9,372 Am stars and
1,131 Ap candidates, and provided an Am star catalog.
We performed statistical analysis of the temperature dis-
tribution, spatial distribution, and infrared photometry
for these Am stars. The distribution of effective tem-
perature shows that Am stars are mainly concentrated
between F0 and A4, with a peak near A7, which is con-
sistent with previous works. The spatial distribution
suggests that the frequency of occurrence of Am stars is
inversely related to the vertical distance from the Galac-
tic plane (|Z|). We also conducted an infrared photomet-
ric study for Am stars. We noticed that the incidence of
infrared excess in Am stars gradually reduces from the
near-infrared to mid-infrared range.
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APPENDIX
A. THE CATALOG OF AM STARS
The catalog has 10,503 entries including 9,372 Am stars and 1,131 Ap candidates. Only the top 10 entries are shown as
examples. The complete Am catalog can be downloaded from http://paperdata.china-vo.org/Qinli/2018/dr5 Am.csv.
The first column show the name of FITS file of each spectrum. The next two columns are right ascension, and
declination of J2000 in degrees. Teff is the effective temperature obtained through matching with the Kurucz grid in
the [3900A˚, 5600A˚] wavelength range. Fe EW and K EW are the equivalent widths of the Fe-group lines and CaII K
line in the observed spectrum, respectively. Fe EW m and K EW m are the equivalent widths of the Fe-group lines
and CaII K line of the corresponding Kurucz template, respectively. The smaller the value of K EW - K EW m and
the larger the value of Fe EW - Fe EW m are, the more obvious the Am phenomenon is. K type , H type , and m type
are spectral subtypes of the CaII K line, Balmer lines, and metallic lines respectively. The column Z shows the vertical
distance from the Galactic plane. The Ap flag is a flag column, Ap flag = 1 indicates that the star is an Ap candidate.
The rest, rlo, and rhi come from the catalog in Bailer-Jones et al. (2018) and are the estimated distance, lower limit
distance, and upper limit distances, respectively. Parallax and parallax error are taken from Gaia DR2 catalog. The
next six columns list the magnitudes and errors of the J, H, and K bands from the 2MASS catalog. The next four
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columns are magnitudes and errors of the W1 and W2 bands from the WISE catalog. The EB−V values are taken from
Schlafly & Finkbeiner (2011). The next three columns show the color of (J-H), (H-K), and (W1-W2), correcting the
dust extinction. The column FeH lamost is metal abundance provide by LAMOST pipeline. The last two columns are
EW of spectral line of the observed spectra and templates at 4077A˚ . The greater the value of 4077 EW - 4077 EW m
is, the greater the probability of Ap star is.
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